It is one of the popular phenomena that chloroplast replicates itself having genetic information in vivo. Chloroplasts isolated from leaves retain light-dependent Hill reaction activity and CO2 fixing capacity (Nass 1969) . Thinking these phenomena, it is expected that isolated chloroplast replicates in vitro. If this is possible, the techniques will contribute to analysis of mechanism in interaction between chloroplast and other cell organelles, in photosynthesis, in photomorphogenesis and in many other problems in plants.
Recently, Ridley and Leech (1970) observed the division of chloroplast in Vicia f aba L. with medium containing Ficoll and bovine serum albumin.
Division of chloroplast in vitro was also achieved by the authors with leaves and callus tissues of Nicotiana tabacumn L., using chloroplasts isolated with medium containing Ficoll and Dextran 40.
MATERIALS AND METHODS
Chloroplasts were isolated from young expanding leaves and greening callus tissues of Nicotiana tabacumn L. cultured for three months on agar (0.8%) containing Murashige and Skoog's medium (1962) plus kinetin (0.1 ppm). The leaves were washed thoroughly in cold water (5°C). The petioles and midribs were removed.
Callus tissues were used without this process.
The materials were homogenized in a morter with medium (5°Cr 5 ml/g. fresh wt) consisted of 0.25 M sucrose, 0.025 M tris-HC1 buffer (pH 7.8), 2.5% (w/v) Ficoll, 5% (w/v) Dextran 40 and Murashige and Skoog's inorganic medium.
The homogenate was filtered through four layers of cheese cloth and then centrifuged at 200 g for 2 min. The supernatant was carefully removed and centrifuged at 1500 g for 8 min.. The resulting pellet (chloroplast) was resuspended in the medium and cultured in test tubes or in hole slide glasses covered with cover glass which was sealed with paraffin at 20°C under continuous light condition.
Observation of cultured chloroplasts was. made at interval of 24 hours after isolation using phase-contrast and fluorescent microscope..
RESULTS AND REMARKS
The experimental results in leaves were the same as in callus tissues and also those of test-tube experiment were the same as in hole slide glass.
Ficoll in the medium was effective to preserve structure of chloroplast as described by Honda et al. (1966) and Ridley and Leech (1970) and the addition of Dextran 40 was more effective.
Chloroplast number increased gradually with time as well as dividing, but not overlapping (Fig. 1) . Chloroplast number at 72 h. was about 1.5 times as large as just after isolation. Fig. 2-a showed the chloroplasts at the time of isolation, and Fig. 2-b , c, showed the same chloroplasts after 48 h., 72 h. respectively. At 72 h., many chloroplasts irregularly dividing not only once but twice and even more were observed.
The whole process of division in this experiment is shown as a diagram in Fig. 3 . Division types A and B were observed throughout but division type C occurred only after 72 h.
The average chloroplast size decreased with time (Fig. 4) , as observed by Ridley and Leech (1970) in Vicia f aba. The divided chloroplasts did not increase again in size within 72 h. after isolation.
In divion type C many chloroplasts did not divide completely although a few chloroplasts did. The above results suggested that isolated chloroplasts might lack some essential ability for growth and division as a result of isolation from cells or might lose the ability gradually in culture.
Although more experiment for development of chloroplast in vitro is needed, chloroplast culture with division was now possible in short time in Nicotiana tabacumn. Moreover, the permanent culture of plastids will be expected in future. 
